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f o r  the  

4,rin'y Air Forces ,  A i r  Tezhnicz l  S e r v i c e  Cormand 

By Earo ld  I. Johnson 

A t  t h e  reciuest  o f  t h e  Amy A i r  Fovces,  Bir T e c t n i c a l  
Sei-vice Goinnand, e x t e n s i v e  f l i g h t  t e s t s  a r e  b e i n g  matie a t  
t he  NACA w i t h  a ~ - 6 3 ~ - 1  a i r p l m e .  Or,e phase of t h e s e  
t e s t s  f s  c o m e r n e d  w i t h  t h e  d i r e c t i o n a l  c h a r a c t a r i s t i c s  
Ol' t h e  a i rp l ane  becsuse i t  was found t h c t  t h e  o r i g i n a l  
v e r t i c a l  t a i l  d i d  n o t  provide  a s u f f i c i e n t  degree  of 
d i r e c t i o n a l  s t 6 b i l i t y .  To improve t h i s  c h a r a c t e r i s t i c  
an e n l a r g e d  v e r t i c a l  t a i l  w a s  &esi&:r,ed end b u i l t .  I d e n t i c a l  
d i r e c t i o n a l - s t a b i l i t y  t e s t s  were r u n  w i t h  bo th  t h e  
o r i g i n a l  and the  en la rged  v e r t i c a l  t a i l s  i n s t a l l e d  on 
t h e  a i r p l e n e .  Tnese t e s t s  i nc lude6  msaeurements o f  t h e  
amount of s i d e s l i p  devzloped Fn ab rup t  m d d e r - f i x e d  
a i l e r o n  rolls from p u l l - o u t s  End s t e a d y  t u r n s  a t  vp r ious  
s p e e d s  and normzl  p c c e l e r a t i o n s .  

A r e c e n t  a n a l y s i s  ( r e f e r e n c e  1) i n d i c a t e s  t h a t  v3 rg  
l a r g e  v e r a t i c a l - t a l l  loads n a y  occur  i n  a c c e l c r a t e d  r o l l i n g  
maneuvers depending on t h e  a i l e r o n  pouer end d i r e c t i o n a l  
stability of an  a i r p l a n e .  7 o r  t h i s  reascln e s t i m a t e s  wer3 
nade 01' the v e r t i c s l - t a i l  l o r a s  expectod t o  be encountered  
by P-63 a i r2 l ;nes  i n  szch  -nar,euvc,-s. S ince  d a t a  on t h e  
yaw c h e r E c t c r i s t i c s  of t he  a i m l r n e  were s v z i l a b l e  f o r  two 
d i f f e r e n t  v s r t i c p l - t a i l  i n s t a l l a t i c n s ,  i t  was p o s s i b l e  t o  
s t u d y  the e f f e c t  of d i r e c t i o n a l  s t e b i l i t y  on t h e  v e r t i c a l -  
t a i l  l o a d s  i n  r o l l i n g  maneuvers. The r e s u l t s  o f  t h i s  
s t u d y  are p resen ted  h e r e i n .  It  is b s l i e v e d  t h e s e  r e s u l t s  
throw l i g h t  on the cause f o r  v e r t i c a l - t a i l  f a i l u r e s  and 
fuselage t o r s i o n a l  f a i l u r e s  vldhich have been  encountered  
r e c e n t l y  u i b h  some F-63 a i r p l s n e s .  
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T o t a l  
a r e a  
(sq ft) 
- 

23.73 

26.58 

MR No. L4K30a 

r-- 

f i n  rudder. for-dard o f  a f t  of 
Fixed I T - t a l l B u d d e r  a r e a  Rudder a r e a  

h inge  area area 
(sq f t )  (sq ft' (sq f t  

13.47 i 10.26 1.96 

15.96 1 10.62 1 1.97 0.05 I 

GeileIaP1 d i r e n s i o n s  of t h e  P-63 a i ~ p l e n e  are l i s t e d  
i n  t h e  appendLx of r e f e r e n c e  2. S ide  views oL' t h e  
P-63ff -1  a i r p l c n e  t e s t e d ,  wi.th b o t h  the o, l iginal  and 
en la rged  v e r t i c a l  t a i l s  i n s t a l l e d ,  a r e  SncVvn i n  f i g u r e s  1 
and  2, r z s p e c t i v e l y .  G e t a i l  p f c t u r e s  o f  t h e  two v e r t i c a l  
tai1.s a r e  e iver i  i n  f i g u r e  3 wilereas figure i s  o l i n e  
drai.-iris which b r i n g s  o u t  t he  s i z e  and sn rpe  r e l a t i o n s h i y s  
of  t h e  taio v e r t i c a l  t a i l s  t e s t e d .  The fo l lowing  t a b l e  
con ta ins  m 6  j o r  dimensions cf t h e  o r i g , i n a l  m d  e n l e i - p d  
v e r t i c a l  t a i l  Fur faces  a 

I 1 Enlarged 1 94.62 
-- 

Automat ica l ly  r e c o r d i n g  :Vf:Cfi flight i n s t r u m e n t s  viere 
used  t o  r e c o r d  a i r s p e e d ,  s i d e s l i p  angle ,  t h e  p o s i t i o n s  of  
t h e  t h r e e  f l i c h t  c o n t r o l s ,  t h e  thrac? components o f  
z c c e l e r a t f o n ,  r o l l h e  v e l o c i t y ,  g a w h g  v e l o c i t y ,  e l e v e t D r  
s t i c k  f 'orcc,  and rudoe r  p e d a l  Corce.  

The a i r s p e e d  p i t c t - s % s t i c  head wss mounted o n  t he  
end of a boom 1 chord l e n p t h  ahead of t h e  r i g h t  wing,, 
nea r  the  wing t i .p .  (Sea  fii6 1.) Service indicated 
e i r s p e e d  i s  used throughout  t h i s  r e p o r t .  This p i r speed  
i s  t h e  r e a d i n g  o f  a s t a n d a r d  Army-Ravy a i r s p e e d  meter  
connected t o  a P i t o t - s t a t i c  system t k s t  i s  f r e g  from 
p o s i t i o n  e r r o r ,  and h a s  t h e  d e f i n i t i o n  

Y 
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T 7  " LS s s e r v i c e  i n d i c a t e d  a i r speed ,  m i l e s  p e r  hour  

f0 s t a n d a r d  s e a - l e v e l  coqpressibility c o r r e c t i o i l  
f a c t o r  

d i f f e r e n c e  between t o t a l - h e s d  and s t a t i c  p r e s s u r e  
c o r r e c t e d  for P i t o t - s t a t i c  p o s i t i o n  e r r o r ,  
i nches  of w a t e r  

% 

' S i d e s l i p  angle  W E S  rnecsured by m a n s  o f  a vane, f r e e  
t o  l i n e  up w i t h  t h e  r e l a t i v e  wind, l o c a t e d  on  t h e  end o f  
a boom 1 ciiord l e n g t h  ahead of' toe l e q t  wing, n e a r  the 
win? t i p ,  

C on t  r o  1- ;)o s i t i o n r a c o r de r Y vi e re c o nne c t e d a i  r e  c t 1 y 
t o  the  e l e v a t o r ,  rudde r ,  and each  a i l e r o n .  

TESTS LND iEkLVATICN OF DLTA 

Abrupt r u d d e r - f i x e d  a i l e r o n  rolls were made d u r i n g  
3,g p u l l - o u t s  st s e r v i c e  i n d i c a t e d  a l r sFeeds  of approximFtely 
233, 259, end 300 m i l e s  p e r  hour a t  5030 f e e t  e l t i t u 2 . e .  
A t  V i s  = 250 m i l e s  per  hour, r o l l s  were also made from 
l e v e l  f l icht  and from 2g and 4g p u l l - o u t s .  
t e s t s ,  t h e  p r o p e l l e r  t h r u s t  c o e f f f c f e n t  and b l a d e  angle  
were h e l d  c o n s t a n t  a t  t h e  va lues  determined by u s i n g  
normal r a t e d  power (2609 rpm, 43 inches  HgJ 1050 horsepower) 
a t  t h e  i n d i c s t e d  a i r s p e e d  of 300 i n i l e s  per hour .  VPr ious  
a i l e r o n  d e f l e c t i o n s ,  s s t  by a c h e i n  from t h e  s t i c k  g r i p  
t o  t h e  s i d e  of t h e  p i l o t ' s  compart!ient, were used t o  produce 
rolls fn each t e s t  c o n d i t i o n .  A t ime h i s t o r y  of a t y p i c a l  
roil from a 3g p u l l - o u t  is shown i n  f i g u r e  5.  A l i m i t e d  
number of rolls from s t e P d y  t u r n s  waa a l s o  mrde, b u t  the 
d a t a  a r e  n o t  c s e d  i n  t h i s  r e2or t  because i t  was found t h a t ,  
f o r  compcrable i n i t i a l  t e s t  condf t ions  arid w i t h i n  the 
accuracy  of t h e  measurements, t b e  sane ?mount of  s i d e s l i p  
was ob ta ined  f o r  a g iven  a i l e r o n  d e f l e c t i o n  i n  rolls from 
e i t h e r  t u r n s  o r  p u l l - o u t s .  

I n  a l l  t h e s e  

The d 2 t e  ob ta ined  I n  the r o l l s  from p u l l - o u t s  w e r e  
p l o t t e d  L S  t h e  r e t i o  o f  maximum c h m g e  i n  sideslip angle 
d i v i d e d  by t h e  a i r p l s n e  n o m h l - f o r c e  c o e f f i c i e n t  a g z i n s t  
change i n  t o t a l  ,o i le ron  m g l e  producing t h e  r o l l .  The 
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aPrplslie n o , m ~ l - f o r c e  c c e f f i c i e n t  wcs c c l c u l a t e d  from t h e  
-r7 be r-~sc: speed  and r:oprn,Ql a c c e l e r a t i o n  occclrl'ing i n  each  
r o l l .  Tkis xe thod  of d a t a  e v c l u ? t i o n  wc"s chosen  becaulre 
t h e o r y  i n d f c h t e s  t h e  pr imary  yawing momcnts i n  r u d d e r - f i x e d  
rolls vbry  d i r s c t l y  ai t h  a l r y l e n e  norl i is l - force c o e f f i c i e n t ;  
tk-erer'ore t h e  msxj.~um s i c i e s i i p  a n g l e s  r eached  i n  rudde r -  
f i r e d  s i l e r o n  r o l l s  would be ex2ec ted  t o  v s ~ y  allnost  
d i r e c b i y  with e i r p l z n e  norm-1-force c o e f f i c i e n t .  

F J 5 u r e  6 shobis t h e  d e t a  r e s u l t i n g  f'ro,n t h e  rolls o u t  
of 3 g  p u l l - o u t s  st v i s  = 2130, 250,  and 303 m i l e s  p e r  
n o w  for bo th  t h e  o r i g i r i a l  and e n i e r g e d  v e r t i c a l  t e i l s .  
F igure  7 is P s i i , l i l a r  c c l l e o t i o L i  o f  d a t e  o b t a i n e d  f rom 
t h e  mils with 1. 2 ,  3 ,  and kg nqrrral a c c e l e r a t i o n  
a t  Excaninstion of t h e  d e t a  
and comkcrison o f  t h e  slop?;; o f  the  c u r v e s  of f i g u r e s  6 
and 7 i r d % c ? t e  t h e  d i r e c t i o n a l  s t a b i l i t y  of  the a i r p l a n e  
i s  essentially conste:i t  ovz r  t n e  e n t i r e  r enze  o f  speeds  
and s c c e l e r a t i o w  covered;  also t k s t  the  d i r e c t i o n a l  ' 
s t e b i l i t y  01' ths  FirplFne was i n c r e a s e d  apTroximzte ly  
60 p s x e n t  b-, t3.e i n s t s l l a t i o n  of t he  e n l a r g e d  ve r s t i ca l  
t p f l ,  

Vi, = 250 rni lcs  p e r  kour .  

J s t f rna t i s  o f  t h e  xaximum v s r t i c a l - t s i l  l o s d s  t o  be 
expec ted  i n  rudder-f 'i-ced p f l e r o n  r o l l s  d u r i n g  a c c e l e r a t e d  
f l i g h r ; ,  csiry an ~ i l e r o n  s t i c k  L'oFce of 50 pounds, a r e  
p re sen ied  i n  figG:re 8. The c w v e  of a i l -e ro i i  d e f l e c t i o n  
? o s s i S l e  with 59 2ounas s t i c k  f o r c e  w s s  taker, f roaprevious  
tq s t  cW;a R a d  was e x t r L p o l a t e d  from Vis = 315 t o  
vis = 45J :niles p e r  hour  fo;. c a l c i d z t i o n  purposes. 
The averege  s l o p e s  of . tke f a i r e d  cu rves  of' ch:nge i n  
sldes1,p angle  d i v i d e d  by e i r p l & n e  m r n i e l  f o r c e  c o e f f i c i e n t  
a g g i n s t  chsnpge i n  t o t a l  r i l e i . o n  ang le  ( f i g s .  6 and 7 )  
ovcr  a range  of  t o t a l  E i l s r o n  d e f l e c t i o n  of +lQo 
were used t o ' e s t i n i a t e  t h e  m w f m 7 m  s P d 2 s l i p  ang le s  t o  be 
especcru .  Fvr t h i2  p u ~ r o s e  the a l r p l z n e  gross weight  vs'zis 
t aken  2 s  7850 pounds.  The m a x i m u m  v e r t i c a l - t a i l  l o a d s  
were calculated by es t i r cp t ing  the  slops of  t h e  normal- 
f o r c e  c c e f f i c i e n t  versus  a n ~ l e - o ~ - s i d e s l i p  cu rves  of b o t h  
v e r t l c a l  t s i l s ,  t h e n  m u l t i p l y f r q  them bg t he  r e s p e c t i v e  
::iaxinum s f d e s l i ?  t n g l e s ,  v e i ' t f c a l - t a i l  a r e a s ,  and 
Y r c e - s t r e m  irrpact pressur'3,. The sr;;sll e f f e c t  of yawing 
v t h l c z i t y  d u r i n g  t h e  mzneuv3r was r ieg lec ted  i n  c a l c u l a t i n g  
the tail l o a d .  The s l o p e s  of t n e  normcl-force C o e f f i c i e n t  
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v e r s u s  rngle-of- s i d e s l i p  curves  for t h e  o r i g i n a l  2nd 
e n l a r g e d  v e r t i c a l  t a i l s  were escfmated t o  be O.OlcO5 and 
OS517 p e r  ciegree, r e s p e c t i v e l y .  These v a l u e s  a r e  basad 
or, computed a s p e c t  r a t i o s  rnd a c o l l e c t i o n  of  wlnd-tunnel  
d e t a .  Load  computat ions were c a r r i e d  o u t  ove r  t h e  r m g e  
of c o n d i t r o n s  where t h e  ve r . t i ca l  t a i l s  were assurr-ed t o  be 
i-n an  u n s t a l l e d  c o n d i t i o n .  I n  t h i s  connec t ion  t h e  s t a l l  
angle  of t h e  e n l a r g e d  v e r t i c a l  t a i l  was assumed t o  be 
1-60., IiO-was fui-ther assumed fha t t : bo thcvep t f caP  . 
t a i l s  were capsb le  0:' producing t h e  s;me maximm llormal- 
f o r c e  c o e f f i c i e n t .  These c o n d i t i o n s  f i x e d  t h e  s t a l l  angle  
of t h e  o r i g f n e l  v e r t i c a l  t a i l  a t  20,40+.. 

1 

DISCUSS133 

The e s t i m a t e s  of v e r t i c a l - t a f l  l o a d s  i n  a c c e l e r a t e d  
r o l l i n g  maneuvers shown i n  f i g u r e  8 i n d i c e t e  t h a t  v e r b i c a l -  

d e s i g n  c o n d i t i o n  a r e  l i k e l y  t o  O C C L P  on P-63 a i r p l a n e s  i n  
f a s t  rolls r:ade w i t h  normal a c c e l e r a t i o n s  above about 3g. 
T h i s  f i g u r e  shows t h a t  the m o s t  c r i t t c a l  speeds  a r e  n o t  
t h e  h i g h e s t  speeds a t  which t h e  a i m l a n k  would be f l o w n  
b u t ,  r a t h e r ,  the  i n t e r m e d i a t e  speeds a t  which n o s t  f l 2 i n g  
i s  probably  done. In th i s  connec t ion ,  i t  should  be - 
p o s s i b l e  t o  cover  a l l  t h e  cor-dit iofis o f  n o x a l  a c c e l e r a t b  . 
for which v e r t i c a l - t a i l  l o a d  c a l c u l a t i o n s  a r e  shown i n  
f i g u r e  6 wi thou t  s t a l l i n g  the a i r 2 l a n e  wing, excep t  
~ ) o s s i b l y  a t  eXtrene a l t i t u d e .  The r-=asor,  t h e  v e r t i c a l - t a i l  
l o a d  d e c r e a s e s  w i t h  i f i c r m s i n g  s?eed  a t  a g iven  normal 
a c c e l e r a t i o n  and a i l e r o n  c o n t r o l  e f f o r t  i s  because t'?e 

? CalLiIo8ds more c r i t i c e l  t h m  t h a t  c a l c u l a t e d  from t h e  g u s t  

r o l l i n g  e f f e c t i v e n e s s  i n  terms of  t h e  h e l i x  angle  - Pb 21J 
d e c r e a s e s  with i n c r e a s i n g  sy\eed. The d a t a  o f  f i g u r e  8 
a l s o  i n d i c a t e  t h a t  i n c r e a s i n g  t h e  s i z a  and e f f ecGiveness  
of t h e  v e r t i c a l  t a i l ,  and  consequent ly  t h e  d i r e c t i o n a l  
s t a b i l i t y  of  t h e  a i r p l m e ,  reduces the  r,.an3livering 
v e r t i c a l - t a i l  loaas. T h i s  t r e n d  anGears l o g i c a l  f o r  t h e  
f o l l o w i n g  reason . '  Both v e r t i c a l  t a i l s  must b s l a n c e  o u t  
t h e  same ya\rving.rr,oment due t o  a i l e r o n  o e f l 9 c t i o n  end 
r o l l i n g ,  regcrdless oi' t he  s i d e s l i g  angles i r ,volved.  
However, t h e  f a c t  t h a t  t h e  l a r p r  t s i l  r e s t r i c t s  t h e  
s i d e s l i p  angles  t o  s m a l l e r  va lues  means t h a t  i t  will n o t  
be r e q u i r e d  t o  ba lance  o u t  such l e r g e  u n s t a b l s  f u s e l a g e  
and p r o p e l l e r  yawing moments a s  w i l l  t h e  s m c l l e r  v e r t i c E l  
t a i l .  
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A com;jarisxi between tbLe l o w s  c21cu la t ed  f'i>crii t:ls 
,;.iist d e z i p  c o n J i k i o 3  ad. t i iose cbtaf i ie?  I.;-. 1-011s i s  
shown jr, i?i;;urs 8 .  The kio?izoiltal l i L i e  showlng 
1CO 2 e r c e n t  o f  t h e  des ign  l o a 6  for tlia o r ig i - r i a l  v b r t i c a l  
t L i 1  WEF determii ted by t a k i n g  1.5 t i n e s  t h e  p r g d i c t e d  
v e r t i c a l - t a i l  l o a d  cauced '0.; a sha r r , - edp  g u s t  of 
30 f e : t  p e r  seconr! when t h e  a i r p l a n e  PLb f l .ying a t  rnzxirnun 
u e r m i s ? i b l e  civinE, s9e;d. If' t h e  same ; rocedure were 
l'ollowecl f o r  t h e  mla-ged  v e r t i c a l  t a i l . ,  130 y e r c e n t  of  
t h e  des jgn  1 0 ~ 3  for t h e  RUSC c o n d i t i o u  vdould be abput 
3530 noiinds Insteac!  o r  &70 pounds. With a desi ,yi  
s t r e n g t h  of  ,1530 rouneds the  v e r t i c e l - t a i l  l o e d s  I n  
a i l e r m  maneiive-s wculr? b= p e l  s t i v e l y  niuch less c r i t i c a l .  
It  aT2ears t h e  pxt des ign  condition s e n e r a l l g  f a l l s  t o  
r>rovide  enciip,k v e i * t i c a l - t s t l  s t r e n 5 t h  for roll i n q  
maneuvers, e s p e c i a l l y  when bhe d f r e c t i o r i a l  s t a b i l i t y  gf' 
t h e  a ipplans  i s  low.  

The 'oalmcir ig  d e s 1 , g  c o n d i t i o n  r e q u i r e d  abo-it 
20 p e p c m t  grec , te r  \ a r t i c a l - t z i l  strength for r-st l o a d  
i n  one a i r e c t i o n  t h a n  t h e  g a s t  coriciitlor- i;i t h e  case  o f  
the- P-63 ~ 1 1 r ~ l m ~  b a t  t h e  ; l : u ~ t  cor iu i t ion  i s  used for 
comperf?on purposes  becausz of' t ho  s i m i l a r i t y  of t h e  
a i r - l o a d  d i s t r i b ; t i o n s  o c c u r r j n g  ir, gxsts  and i n  ruddar -  
f i x e d  a i le l -o i l  r o l l - s .  Ac tua l ly ,  i n  st s t i c  t e s t s  coriductcd 
a t  B r i q h t  F f o l d ,  Lhe P-63 v e r t i c a l  ttil f r i l z d  a t  
105 p e x e n t  of' t he  bz l a ; c ing  lcad, v:?iich rzDL-esents E 
net 1oZd  o f  2bout 31.00 pound;: i n  one d i r c c t f o n .  It  is 
not, knov,~, w h q t  e f f e c t  1oc.d d i s  t r i 1 2 i n t i o r i  hes on f zLlur3 
l o r a  for tha  F-63 v e r t i c c l  t a i l ;  L i ~ ~ v e ~ ~ ~ ,  f i g u r a  8 
in2icar,Gs n e t  l o a d s  i n  2i;cess 6Y 3l,C:C k2zurids would be 
arcouri tered In abn ip t  p o l l i n ?  mareavers  w l t h  4-E or* mr3 
n o m a 1  a c c e l a r s t i o n  o n  the z l r p l m e  i n  cer.ta;n s p z e d  
r a n g e s .  Tha pull-up coi id i t ion  r a q u i r e d  rriuch less vertical- 
t a i l  s t r e c 3 t h  t h a n  e i t h s r  t h o  g u s t  or b d m c i n p  c o n d i t l m s .  
Therefore, a need i s  i n d i c a t e d  fo i -  the  est tbl isk;_i?~nt  of  
a new v e r t i c s l - t a l l  d e s i . p  load s o n u i t i o n  wh:,ch t v l l l  
1og:icall.y r e l a t e  v E : r t i c a l - t 8 3 1  s t r c n p t h  t o  t h e  a i l e r o n  
~ o v i e r  a d  d i r e c t i o n a l  s t a b i l i t y  of' s i r n l a n s s .  

E q h a s i c  h a s  been p l z c e d  on ru?.der-fixad r o l l ' n g  
ni8ne'uvers i n  t h i s  r e p o r t  BS o:?posccl t o  coordiiriotad u s e  
of t he  rudder  2nd ailerons d u r i n g  v i o l e n t  l a t e r 5 1  
rnaneuvel-ing. Vihile i t  i.s t r u z  t h s t  c r o y a r  us6 of  t h e  
rudde r  w i l l  t e n d  t o  rediicc? v e r t i c a l - t a i l  loads i n  rc ; l l ing  
mm6uvers t o  sorcz c x t e n t ,  i t  a p p a h ~ s  t h a t  i f  rudddr  i s  
used a g a i n s t  t h e  s i d e s l i p  a f t e r  somt s i d e s l i p p i n g  LES 
developed, the  v e - t i c a l - t a i l  l o a d  n a y  exceed t h a t  which 

. 



w o u l d  have occur red  had t h e  rudde r  bzen h e l d  f i x e d .  I t  
ma;: a l s o  be no ted  t h a t  many a i . r? lanes  have rudde r  f o r c e s  
which a r e  t o o  heavy t o  permit co-raect rudde r  c o o r d i n a t j  on 
i n  r o l l i n g  rn2.ne-Jver-s at cny othe?  tha-;l l o w  s2eeds .  

Based on t h e  d a t a  and e s t i m s t e s  of v e r t i c a l - t a i l  
loads p iven  i n  th i s  r e ? o r t ,  t h e  f'ollowl.np conc lus ions  
may be drawn: 

1. V e r t i c a l - t a i l  l o a d s  n0i-e c r i t i c a l  than t h a t  
imnosed by ar-y d e s i  n cond i t ion  8re  l i k e l y  t o  b2 
encountered  w i t h  P - f 3  s e r i e s  e i m l a n e s  i n  a b r u a t  r o l l i n g  
maneuvers made with normal a c c e l e r a t i o n s  above 4g I n  
t h e  i n t e r n e d l a t e  speed r a n z e .  

2. For a g iven  normal a c c e l e r a t i o n  anu a i l e r o n  
co l i t ro l  e f f o r t ,  t h e  l i k e l i h o o d  of  e n c o m t e r i n g  c r i t i c a l  
v e r t i c a l - t a i l  l o a d s  i n  rolls dec_reases with i n c r e a s i n g  
a i r s o e e d  s o  l o n g  as t h e  v e r t i c a l  t a i l  remaics  u n s t a l l e d .  

3. X n c r e a s h g  the  s i z e  a.nd e f f e c t i v e n e s s  of t h e  
v e r > t i c a l  t a i l ,  and t he re fo re  t h e  d l r e c t i o n a l  s t a b i l i t y  of  
a~-L a i r p l  Zne, dec rezses  t h e  m&ximlmi v e r t i c a l - t a i l  l o a d s  i n  
a c c e l e r p t e d  r o l l i n g  maneuvers i n  t h e  u s u a l  cpse where t h e  
f u s e l s p e -  : l rorel ler> combination i s  d i r o c t i o i l a l l y  u n s t a b l e .  

A r,ew 1oedi.ig cogd i t ion  for v e r t i c a l - t c i l  d e s i g n  
s t r e n g t h  an1,ears n e c e s s z r y  for h i g h l y  Ern-euverable a i r -  
? l a n e s  i n  o r d e r  t o  r e i c t e  v e r a t i c r ; l - t a i l  s t r e n g t h  t o  the 
a i l e r o n  -9ower and d i r e c t  Tonal s t  n b i l i t y  of t he  a i r p l a n e .  

4. 

L 5rigl'e;: N! Smor i sl Aaron aut i c a1 L ab o r a t  o r  y 

Langley F i e l d ,  Va., Novzqber 30 ,  19411 
Nat iona l  Advisory Cormit tee  f o r  Aeronaut ics  
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(a) Original vertical tail. 

I (b) Enlarged vertical tail. 

P-6%-1 aimlane. 
Figure 3.- Close-up views of original and enlarged vertical tails on 
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Flgure 5. - T i m e  history o f  typical rudder-f?xed s i leron r o l l  fruu pi f u l l -  out . Bell P-63A-1 airplane, enlarged vertical , al t i tude  = 5000 feet ,  Vis = 265 mph. 
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Figure 8 .- Estimated maximum vertical tail loads to be expected in 

rudder-fixed rolls during accelerated flight employing 50 pounds 
aileron stick force. 


